These conferences proceedings summarize the experimental findings obtained in small collision systems at the LHC, as presented in the special session on "QGP in small systems?" at the Quark Matter 2015 conference. (The arXiv version is significantly longer than the printed proceedings, with more details and a short discussion.)
Introduction
Key evidence for the formation of a hot Quark-Gluon Plasma (QGP) in nucleus-nucleus (AA) collisions at high collision energies is the presence of jet quenching [1] and bulk collective effects [2] , together with their absence in proton-nucleus (pA) or deuteron-gold (dAu) control experiments [3] . The control measurements are needed to characterize the extent to which initial-state effects can be differentiated from effects due to final-state interactions in the QGP [4] . It is assumed that initial-state physics can be isolated since the QGP, if at all produced in such light-heavy ion reactions, is expected to be tenuous.
Indeed, in the case of hard processes at mid-rapidity, control experiments, both at RHIC in dAu collisions at √ s NN = 200 GeV [5] [6] [7] [8] , and at the LHC in pPb collisions at √ s NN = 5.02 TeV [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , demonstrated the absence of strong final state effects. In particular, the minimum bias pPb data can be well described by superimposing N coll = Aσ pp /σ pPb ≈ 7 independent pp collisions with only small modifications induced by the initial state or cold nuclear matter. However, measurements of multi-particle correlations over large pseudorapidity (η) range in high multiplicity pPb events [25] [26] [27] [28] [29] exhibit remarkable similarities with results related to collective effects from PbPb collisions at √ s NN = 2.76 TeV [30] . 1 In fact, soon after the start of the LHC program in 2010, a pronounced longitudinal structure in the two-dimensional angular correlation function measured for particle pairs over azimuthal angle and η differences, ∆ϕ and ∆η, with transverse momentum (p T ) of 1-3 GeV/c was observed in high-multiplicity pp events at 7 TeV [31] . The appearance of these "ridge-like" structures in high-multiplicity pp and pA events caused speculation of similar physics being at work in these small collision systems. In particular, there is an ongoing debate as to whether they are of common hydrodynamic origin [32] , or created already by strong correlations in the initial state from gluon saturation [33] .
In these QM15 proceedings, following the presentation at the conference [34] , a summary on experimental results from small collision systems at the LHC with an emphasis on bulk properties will be given. 1 Similar effects had been observed already at RHIC in dAu collisions [35] , but were ignored until the LHC data were reported. For a summary of the recent experimental results at RHIC, see Ref. [36] . 
Summary of observations in PbPb collisions
In order to classify the observed phenomena in small systems, it is useful to briefly discuss the conclusions drawn from observations in PbPb collisions at the LHC, as compiled in Table 1 . Particle ratios and yields are described as a Grand Canonical ensemble by the statistical model with the strangeness undersaturation factor γ S ≈ 1 and with only moderate deviations of 10-30% from thermal yields [51, 52] . Almost all particles (with p T < ∼ 2 GeV/c) can be described by hydrodynamics, which efficiently translates initial spatial anisotropies (ε i ) into final momentum anisotropies (v i ) assuming that the pressure gradients have built up early in the evolution of the system [123] . Hydrodynamic models quantitatively describe "average observables" as radial flow [37, 38] and the transverse momentum (p T ) and pseudorapidity (η) dependence of the azimuthal anisotropies v n [60-63, 75-77, 84-86] , as well as their characteristic mass dependence [68] [69] [70] [71] . Furthermore, hydrodynamic calculations can also (at least qualitatively) capture "higher order" details, such as the breaking of factorization due to event-plane angle decorrelations in p T and η [91] , v n distributions [92] , as well as event-plane angle and event-by-event v n correlations across different harmonics [93] [94] [95] . Approximately describing direct photon production at low p T , such models determine the initial temperature of the QGP to exceed about 400 MeV in central collisions [96] . The freeze-out radii in 3 orthogonal directions ("out", "side", "long") can be deduced from measurements of quantum-statistics correlations between pairs of same-charge pions (HBT) at low momentum transfer. The radii are found to scale with 3 
√
N ch (indicating a constant density at freeze-out) and to decrease with increasing pair momentum (k T ) as expected from hydrodynamics [53] . The size along the emission direction is similar to the geometric size of the system (R out /R side ≈ 1). Directed flow, both the rapidity-odd as well as the rapidity-even components, of charged particles at mid-rapidity was measured relative to the collision symmetry plane defined by the spectator nucleons, and evidence for dipole-like initial density fluctuations in the overlap region was found [74] .
GeV/c), the yield of heavier particles is enhanced relative to that of lighter particles [43] [44] [45] , an effect typically described by calculations employing a combination of hydrodynamics and quark coalescence (or recombination) [124] . The created system is opaque for high-p T colored probes, which due to radiational and collisional energy loss (jet quenching) are strongly suppressed [97] [98] [99] [100] [101] [102] [103] [104] [105] , and transparent for photons and other colorless probes, which roughly scale with N coll [125] [126] [127] [128] [129] [130] [131] . Jet quenching leads to slightly modified jet fragmentation functions inside small jet cone sizes (R = 0.4) [132, 133] , and most of the radiated energy appears at large angles (R > 0.8) [99, 134] . Due to interactions and rescattering with the medium, even heavy-flavor particles exhibit finite anisotropies [106] [107] [108] [109] . Strong support for the formation of a deconfined medium with color degrees of freedom is the relative enhancement of J/ψ yields, in particular at low p T , due to statistical recombination or regeneration [110, 111] , and the sequential suppression of Υ states [112] .
In summary, the system created in high-energy PbPb collisions at the LHC exhibits features expected for strongly-interacting partonic matter. There are a few outstanding problems, such as the small p/π ratio [37] , the non-zero elliptic flow measured for direct photons [135] , the rather large v 3 relative to v 2 measured in ultra-central PbPb collisions [136] , and the significant suppression of three-and four-pion Bose-Einstein correlations compared to expectations from two-pion measurements [137] . These problems will need to be resolved in the future, but are not expected to invalidate the general conclusions outlined above.
3.
Results from pPb collisions at high multiplicity Table 1 compares results from measurements in PbPb collisions, discussed in the previous section, with those in high multiplicity pPb collisions, where available. As in PbPb collisions, the p T spectra of identified particles harden with increasing multiplicity [39, 41, 42] and, if interpreted in the same way as in PbPb collisions (using a blast wave model fit) reveal, even larger radial flow than in PbPb events with similar multiplicityas predicted [138] . With increasing multiplicity, particle ratios reach the grand canonical level except for the Ω particle, which however gets near [49, 50] . Nevertheless, at high multiplicity, the yields can be described by the statistical model with γ S ≈ 1 and with deviations of 20-40% (only sightly worse than in the case of PbPb) from the thermal expectation [52] . At first, long-range (2 < |∆η| < 4) ridge structures on the near side (∆ϕ ≈ 0) were measured using two-particle angular correlations in high multiplicity pPb collisions [25] , and found to have a much larger strength than that of similar long range structures in highmultiplicity pp collisions at 7 TeV [31] . Later, azimuthal anisotropy coefficients v 2 and v 3 were extracted from per-trigger yields measured over azimuthal angle and η differences, ∆ϕ and ∆η, respectively [26, 27] . The per-trigger yields obtained in low multiplicity events (which were shown to be similar to pp collisions at 2.76 and 7 TeV) were subtracted, in order to suppress the dominant background from jets. Soon after, genuine four-particle correlations were also measured [28, 29] , where the contribution from two-particle correlations were systematically removed (referred to as the "cumulant method" [139] ). The multiplicity and p T dependencies of v 2 and v 3 turned out to be similar to those obtained in PbPb collisions provoking speculations about the same physical origin in both systems [30] . Recently, cumulant measurements have been extended to genuine six-and eight-particle correlations, as well as the Lee Yang Zero (LYZ) method, which is conceptually equivalent to measuring the correlation of all particles [140] . As in PbPb collisions, it was found that, within 10%, v 2 {4} ≈ v 2 {6} ≈ v 2 {8} ≈ v 2 {LYZ} in high multiplicity pPb collisions [81] , as shown in Fig. 1 . The presence of non-zero higher-order cumulants with similar magnitude, and in particular with a finite and similar value for v 2 {LYZ} can be interpreted as crucial evidence for a hydrodynamically evolving system, where all particles, and hence the single-particle distribution itself, would be correlated to the initial-state symmetry planes. However, there are also arguments in disfavor of this interpretation. Firstly, higher-order cumulants can have similar values even though the underlying correlations originate from a different mechanism than hydrodynamics. This is demonstrated in Fig. 2 by comparing various multi-particle cumulants extracted for e + e − collisions generated with the PYTHIA event generator [141] . However, such apparent collectivity is a trivial consequence if the number of sources for particle production is just a few. Secondly, in case of a narrow underlying distribution of v 2 (where the width is significantly smaller than the mean), the higher moments generally only differ by parametrically small amounts [142] . Thirdly, models based on only quantum chromodynamics, and not involving hydrodynamics, which do not require final-state interactions among quarks and gluons, have also been suggested to explain the observed multi-particle correlations, but have not provided any quantitative predictions yet [143, 144] . However, the v 2 and v 3 coefficients also exhibit a similar mass dependence as in PbPb [71, 72] , with the v 2 and v 3 for heavier particle being depleted at low p T , and the protons and Λ crossing the v 2 (and v 3 ) of pions and neutral kaons, respectively, between p T of 1.5-3 GeV/c. In PbPb, the same effect is generally accepted to be a robust prediction of hydrodynamics, caused by the interplay of radial flow with the higher harmonics at lower p T [145] and recombination at higher p T [124] , affected also by the presence of a dense hadron gas at later stages of the collision evolution. The breaking of factorization due to η and p T dependent eventplane angle fluctuations is also found to be similar between pPb and PbPb collisions [91] . As in PbPb, a rather weak η dependence for v 2 and v 3 is measured [83, [87] [88] [89] , in particular when the results are corrected for a possible effect arising from event-plane angle decorrelation along η. Also, similarly to PbPb, HBT radii are found to scale with 3 
√
N ch , to decrease with increasing k T , and R out /R side approaches ≈ 1 at low k T [55, 56, 58, 59] . In the intermediate p T range (2 < ∼ p T < ∼ 5 GeV/c), the spectra of identified particles show a characteristic enhancement in pPb compared to pp collisions (scaled by N coll ≈ 7) [46, 47] , often referred to as "Cronin" enhancement. In the same p T region, particle ratios of p/π and Λ/K 0 S show an enhancement also, whose magnitudes increase and maxima shift to higher p T with increasing multiplicity, depicting a similar p T dependence to PbPb collisions [42, 45] .
The results discussed so far are reported in intervals of multiplicity measured either at mid-or forward rapidity, generally called "event activity classes". To ensure that the conclusions are qualitatively robust against variation of the event selection, the measurements are sometimes reported for several different event activity definitions. Quantitative interpretation of the data requires, however, that one takes into account that the observable and event activity may be correlated by the complex interplay between hard, multiple semi-hard and soft processes. This correlation is suspected to induce strong changes of high-energy jet [146] , dijet [147] , D-meson [148] and Υ production [113] with event activity. In order to compare data with calculations addressing nuclear effects, event activity classes have also been related to an estimate of the number of collisions (or participants with N part = N coll + 1 in pPb) via a Glauber model [121, 149] . Due to the ordering of events according to their activity, pPb events with more than average activity per nucleon-nucleon collision populate the higher multiplicity classes, while with less than average activity the lower multiplicity classes [150] . The event selection bias leads to a large variation of the nuclear modification factor, Q pPb = 1/N coll Y pPb /Y pp , and complicates a direct measurement of nuclear modification [121] 10 .Nevertheless, by comparing the data with a superposition of PYTHIA pp events, in which the event activity selection is performed in the same as in the data, it can be deduced that Q pPb for charged particles, when integrated over 10 to 20 GeV/c, is not significantly altered by the nuclear environment. This conclusion is supported by a different approach, where events are ordered based on the zero-degree energy of slow neutrons produced in the collision on the Pb-going side, and an estimate of N coll from a data-driven approach inspired by the wounded nucleon model [121] . Furthermore, no significant nuclear modification has been seen in (charged) jet spectra [152] , D-meson yields [148] nor dijet k T [153] at mid-rapidity either. While direct jet quenching [154] has not been observed, possible non-zero v 2 values of about 5% at p T up to 10 GeV/c albeit with rather large uncertainty have been reported [64] . In analogy to PbPb (where v 2 at high p T is thought to be caused by path-length dependent energy loss), this observation may be a hint of parton energy loss in pPb. However, the effect can also been qualitatively described by initial-state gluon correlations without (collective) final state interactions [155] . At forward rapidities, there are hints of finalstate effects reported in the multiplicity dependence of J/ψ Q pPb [115] and in the observed suppression of ψ(2S) relative to J/ψ [114, 116] . Lastly, there also are long-range two-particle correlation measurements of heavy-flavor electron-hadron correlations at mid-rapidity [122] and inclusive muon-hadron correlations at forward rapidity [88] , both revealing a double-ridge structure, which may be indicative of non-zero v 2 for heavy-flavor particles. 10 High-p T related results measured in minbias pPb collisions at mid-rapidity [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , mentioned in Sec. 1, do not have this problem. The charged particle R pPb at high p T is consistent with unity. Initial discrepancies between results from ALICE, ATLAS and CMS, are now identified to be related to the interpolated pp reference [151] , and final confirmation can be expected from the analysis of pp collisions at √ s = 5.02 TeV taken end of 2015.
4. Results from pp collisions at high multiplicity Table 1 compares results from measurements in PbPb and pPb collisions, discussed in the previous sections, with those in high multiplicity pp collisions, where available. Identified particle spectra at low p T show the same characteristic features as in pPb collisions, in particular a significant hardening with increasing multiplicity [40, 41] . Furthermore, at intermediate p T (2 < ∼ p T < ∼ 5 GeV/c) particle ratios of p/π and Λ/K 0 S show a similar enhancement as in pPb collisions [41, 45, 48] . The data are consistent with the interpretation of strong radial flow developed in high multiplicity pp collisions [156] . Alternatively, however, microscopic effects such as the Color Reconnection (CR) mechanism of strings implemented in PYTHIA can also qualitatively explain the data [157] . PYTHIA with CR describes the increase of the average p T with multiplicity [158] and the multiplicity dependence of charge-dependent correlations (balance function) [159] quite well. Measured particle ratios increase with increasing multiplicity in the same way as in pPb collisions [48] . The statistical model has so far only been applied to minimum bias pp collisions and, when treated as a canonical ensemble, was found to describe the yields with γ C s < 1 and deviations of only about 20-40% from the expected yields [52] . HBT radii show the same trends with N ch and k T as in pPb collisions, and at high multiplicity R out /R side approaches ≈ 1 at low k T [55, 57, 58] , consistent with the interpretation of collective flow [160] .
At the same multiplicity, near-side ridge yields extracted from long-range two-particle angular correlations at 13 TeV [161] agree with those measured at 7 TeV [31] , while they are a factor of 10 and 4 smaller than in PbPb and pPb collisions, respectively. In pp even more so than in pPb collisions, jets are the dominant source of two-particle correlations, and in order to extract the long-range Fourier coefficients their contribution to the long-range correlations needs to be subtracted first. Thus, as for the pPb results, the per-trigger yield measured at low multiplicity scaled by a factor F is subtracted from that measured at high multiplicity, before the Fourier coefficients (A n ) from the long-range ∆η projection are computed. Finally, the two-particle Fourier coefficients V n = A n /B are obtained by normalizing the Fourier coefficients relative to the baseline (B) extracted in the high multiplicity events (usually denoted with capital letters to distinguish them from those of the single-particle azimuthal distribution denoted with lower letters). The single-particle Fourier coefficients are then v n = √ V n 11 . The factor F can be obtained in various ways, for example as ratio of the short-range near-side yield in high multiplicitiy to that in low multiplicity events after the long-range ∆η contributions have been subtracted. Assuming that the away-side jet shape per-trigger yields do not significantly change with multiplicity, the long-range jet contribution to the per-trigger yields should be significantly reduced. In this way, significant (p T integrated) v 2 and v 3 coefficients have recently been reported in high multiplicity (M) 12 pp collisions [65, 73] , with values of about 5% and 1%, respectively, about 30% and 50% smaller than in pPb at similar multiplicity. The p T dependence of v 2 is found to be independent of M above M > ∼ 75, and independent of collision energy (from 2.76 to 13 TeV). 13 Below M < ∼ 70, v 2 decreases with decreasing multiplicity. Interestingly in this region, an ambiguity in the precise determination of v 2 arises [65] as the extracted v 2 values are found to depend on the number of tracks used to define the low-multiplicity event sample (see right panel of Fig. 3 , where the effect is shown in the case of ATLAS' template fit method further mentioned below). Larger v 2 are extracted with event classes, which are defined with even smaller multiplicity of only up to 10 and 5 tracks, respectively. The cause for the dependence of v 2 on the choice of the low multiplicity event class is not yet clear. It could originate from diffractive processes, or string breaking and resonance decay effects, which contribute to the correlation, since quite low p T particles are included in the measurement. Both effects may significantly influence the 11 In case different p T ranges are used for trigger and associated particles, they are usually computed by relying on factorization
, which is found to approximately hold by selecting different p T ranges for associated particles 12 Multiplicity is given as the number of reconstructed charged tracks with p T > 0.4 GeV/c in |η| < 2.4 for CMS and p T > 0.5 GeV/c in η < 2.5 for ATLAS. To roughly account for the tracking inefficiency scale by 1.2, and by 1.5 to extrapolate to p T = 0. Hence M = 100 approximately corresponds to 5-6 times the average multiplicity in pp, and is similar to the charged particle density at mid-rapidity of 70-80% PbPb and 20-25% CuCu collisions at √ s NN = 2.76 TeV and √ s NN = 200 GeV, respectively [162, 163] . 13 The integrated v 2 can not easily be compared between the ATLAS and CMS results as ATLAS uses 0.5 < p T < 5 while CMS 0.3 < p T < 3 GeV/c. However, within (quite large) systematic uncertainties the p T -differential measurements of ATLAS and CMS agree, as shown in [34] . shape of low multiplicity event class. 14 Hence, it may be useful to repeat the analysis with a lower p T cut of at least p T > 0.7 GeV/c, for which near-and away-side associated yields have a similar slope with multiplicity [164] . In the case of CMS, contributions from lowest multiplicity are reduced, because events with less than 10 tracks are excluded from the low multiplicity sample, however, a lower p T cut of 0.3 instead of 0.5 GeV/c is used. Though, as mentioned in Sec. 3, one usually ensures that the low-multiplicity sample used in the subtraction procedure does not reveal unknown features (for example in the case of pPb by comparing with minimum bias pp [26] ). Since changing the range of the low multiplicity sample changes the measured v 2 , one can attempt to correct the measured v 2 for an assumed fraction of v 0 2 present in the low multiplicity sample. To achieve this a template fit of the scaled low multiplicity yield with an added G(1 + 2V 2 cos(2∆ϕ)) term is used by ATLAS to extract
15 (G 0 is the baseline in the low-multiplicity class) [65] . In this case, the measured v 2 values are found to be rather constant with multiplicity for M > ∼ 20, essentially the same for different choices of constructing the low multiplicity sample, and about 10% larger than the results from the subtraction method at high M (see left panel of Fig. 3 ). Below M < 20 the v 2 values slightly increase with decreasing M indicating that there are indeed larger modifications to the long-range correlation structures present in such low multiplicity events, perhaps related to diffraction and hadronization, as discussed above. The consistency of the results support the assumption of a constant v 2 , which can not be proven for the lower multiplicity events, but holds already for M > 20. Instead, if one assumes that v 2 = 0 for M < 20, then the measured v 2 values increase with multiplicity, reaching asymptotically similar values as for the constant v 2 case, because the assumption about v 2 in the low multiplicity event has ever decreasing influence. Above M > ∼ 70, the two methods lead to v 2 values with differences within about 20%, representing a robust measurement of v 2 at high multiplicity. At lower M, the spread of the v 2 values indicates that more studies are needed, but independent of the assumption even in events with M > 30 (roughly twice of minimum bias collisions) a significant value of v 2 ≈ 0.04 is obtained. Measurements involving four-and six-particle cumulants [67] , which earlier did not reach conclusive results [66, 119] , reveal that v 2 {4} ≈ v 2 {6} > 0 even in pp collisions at high multiplicity (M > 75) consistent with the emergence of collective behavior. However, these measurements, in particular for small M, need sufficiently high statistics and can not resolve the conceptual difference between including and excluding the pedestal in the subtraction discussed above. Already now results of v 2 versus p T for K 0 S and Λ have been presented [67] and for high multiplicity reveal a similar characteristic mass dependence as in pPb and PbPb collisions, which is absent in low multiplicity events, and may be interpreted as strong support for a hydrodynamic behavior [165] . The shape and even the magnitude of the long-range component of two particle-pseudorapidity correlations are found to be similar for pp, pPb and PbPb at similar multiplicity [90] , which may be used to constrain calculations of the initial state for the three systems. Other effects, in particular related to jet quenching [166] , are not straightforward to measure because of difficulties to define a rigorous normalization for nuclear effects, which is already a challenge in the case of pPb due to the contribution from multiple-parton interactions [121] . In pp even more than in pPb collisions there is a complex interplay between hard, multiple semi-hard and soft processes [113, 164, [167] [168] [169] [170] [171] , which needs to be disentangled from nuclear modification.
Discussion and concluding remarks
The previous sections briefly described measurements, and their common interpretation, in PbPb, as well as in high multiplicity pPb and pp collisions, following the summary given in Table 1 . Weak collectivity (i.e. the agreement of higher-order cumulant and LYZ methods) is established within the experimental uncertainties in PbPb and pPb collisions, and starts to emerge even in pp collisions (v 2 {4} ≈ v 2 {6}). However, it should also be seen in e + e − collisions (see Fig. 2 ). Most observables in PbPb and high multiplicity pPb collisions can even be explained assuming strong collectivity, i.e. as a system described by thermo-and hydrodynamics. There is less information available at high multiplicity for pp collisions, however -where available-the trends are similar as for pPb (for a recent review on these topics, see Ref. [172] ). Naturally, similar observations could be caused by similar or even common physics. Assuming that the underlying physics is the same for the observed phenomena, what are the possible common explanations? i) A natural candidate for a system exhibiting strong collective effects is of course the sQGP [173] , which appears to flow almost like a perfect fluid with its shear-viscosity to entropy-density ratio η/s close to the theoretical lower bound [174] . In pPb and even more in pp collisions, one expects a stronger radial flow 16 than in PbPb at similar multiplicities, because an approximately scale-invariant system would be smaller but hotter, leading to longer cooling and expansion [138, 175] . As for PbPb, hydrodynamic calculations quantitatively describe the small-system data [177] , and even the magnitude of v 2 in pp has been successfully predicted [178, 179] . In case of the proton, however, sub-nuclear scales in modelling the initial state become important and, since they are not well known, result in a larger ambiguity of the calculations [180] . A challenge for the sQGP picture is the presence of a finite v 2 at 10 GeV/c (even though with large uncertainties) [64] without direct evidence of jet quenching in the charged-particle Q pPb [121] , while jet calculations indicate a significant, but with the present uncertainties difficult to measure, jet quenching effect [154] . In the low density limit, v 2 is expected to scale with multiplicity (as a proxy for the density of the system), while v 2 should saturate in the hydrodynamic limit [181] . Taking the v 2 results from ATLAS in pp collisions at face value [65] , one would have hydrodynamically generated v 2 down to very low multiplicity, i.e. sQGP droplets form in essentially every (non-diffractive) pp event at 13 TeV, which seems quite surprising. 17 However, significant progress has been achieved in the past, by pushing the picture of the almost perfect fluid ever further, following "naturalness" arguments, exemplified in the following: The large v 2 in central CuCu collisions at √ s NN = 200 GeV, which was found to be indeed larger than in AuAu collisions and hence larger than expected from hydrodynamics, was explained by postulating the relevance of eccentricity fluctuations, and in particular the "participant eccentricity" [183] . The participant eccentricity, which predicted characteristic flow fluctuations consistent with a later measurement [184] , was generalized to "triangularity" and highlighted the relevance of higher moments in the initial state [185] . The triangular structures only became directly visible in the PbPb data [60, 76] , and today the pPb and pp data could not have been understood in the hydrodynamic picture without acknowledging the relevance of initial state fluctuations. Further, prompted by the similarity of v 3 in pPb and PbPb [29] , the hydrodynamic paradigm was successfully tested in 3 HeAu collisions at RHIC [186] , where the use of Helium-3 was expected to enhance the observed v 3 due to the intrinsic triangular shape of its wavefunction [187] . Nevertheless, despite its success, it must be emphasized that hydrodynamics can not explain how the system is brought into (approximate) equilibriium, and its use by construction hides any underlying microscopic physics picture.
ii) A second possibility is to explain the observed phenomena with parton transport models, such as BAMPS [188] or AMPT [189] , which employ non-equilibrium parton dynamics. These calculations attempt to microscopically describe the underlying physics, and may be able to lead from weak to strong collectivity depending on the parton density and interaction cross sections. Indeed, early calculations were argued to support the effective use of ideal hydrodynamics because one needed to inflate the (elastic) partonic cross sections (σ) from about 3 to 45 mb (i.e. to hadronic level) for a realistic initial gluon density of 1000-1500 at mid-rapidity, in order to explain the early v 2 results in AuAu collisions at √ s NN = 130 [190] . Today we know that AMPT with much lower cross sections of 1.5 to 3 mb can reproduce most of the experimental findings [191] [192] [193] [194] . AMPT, which was used to substantiate the postulation of triangularity [185] , had even incorporated the underlying initial-state fluctuations and their influence on final azimuthal particle spectra before they were identified to be relevant. However, in AMPT the azimuthal anisotropies are produced mainly by the anisotropic parton escape probability as a response to the initial spatial eccentricity with no or only a few parton interactions, not necessarily by pressure-driven collective flow. 18 The contribution to the final v 2 from the escape probability is also found to be significant (about 30-40% even for σ = 45 mb) in semi-central (about 20%) nucleus-nucleus collisions [195, 196] . Additionally, AMPT generates the characteristic dependence of v 2 on the particle mass from kinematics in the implemented coalescence approach and hadronic rescatterings [197] . These recent conclusions drawn from studies using AMPT question aspects of the perfect liquid paradigm, perhaps even in semi-central and central AA collisions. However, despite the fact that AMPT describes a wealth of the data, it is important to realize that the above conclusions depend on an interplay of questionable and not yet fully understood concepts such as string melting (resulting in the presence of a large number of quark/antiquark pairs and zero gluons), p T dependent parton formation and spatial coalescence. Hence, follow-up studies, in particular on the relevance of the escape mechanism, using a different transport model, such as BAMPS, and viscous hydrodynamic calculations are needed. Recently, it also was reported that non-hydrodynamic (free streaming) evolution can generally create equal or larger radial flow than hydrodynamics (with η/s = 0.08) [198, 199] . In pPb collisions free streaming leads to large v 3 , but considerably smaller v 2 than from hydrodynamics, while as expected it cannot account for the observed harmonics in PbPb collisions. Since pre-equilibrium dynamics and hadronic interactions are expected to play a significant role in small systems, a beam energy scan of dAu collisions at RHIC may shed light on the question of whether equilibrium dynamics is indeed the source of the observed collectivity [200] .
iii) The third possibility could be correlations present in the initial state followed by a suitable "evolution", perhaps leading from Yang-Mills evolution in smaller systems to hydrodynamic evolution in larger systems. The glasma graph framework derived in the context of the Color Glas Condensate (CGC) is able to describe many features of two-particle correlations [33, 201, 202] , including the long range nature, the double ridge structure, the strength and shape, the non-trivial multiplicity dependence, as well as mass ordering of mean p T and v 2 in pp and pPb collisions. However, the original calculation can neither account for genuine multi-particle correlations, nor for the presence of odd harmonics, most notably v 3 . Explaining these data has been achieved by using classical Yang-Mills simulations on the lattice [155, 203] , which incorporate contributions from glasma graphs, from perturbatively disconnected graphs (which connect through event-by-event breaking of rotational symmetry into domains with a size related to the inverse of the saturation scale [204, 205] ), as well as from final state interactions generated by the Yang-Mills evolution. In these simulations, the gluons already have a large v 2 in the initial state, albeit a v 3 of zero. However, after the time τ ≤ 0.4 fm/c final state effects induced by the classical Yang-Mills evolution generate a non-zero v 3 with only little modification of v 2 . In contrast, Yang-Mills simulations of PbPb collisions exhibit much smaller values of v 2 and v 3 , since the contribution from disconnected graphs is significantly reduced due to the increase in the number of uncorrelated domains. Therefore, additional collective flow effects are needed to explain the PbPb data. However, so far these Yang-Mills simulations neglect contribution from jet graphs (which at higher order may become relevant) and effects from hadronization, which are also considered to be important [206] . Furthermore, the forward and backward v 2 results in pPb [88] question ideas based on the CGC, because the saturation scale dependence on rapidity would predict v 2 on the Pb side to be smaller than on the proton side, while the data indicate an opposite trend, qualitatively consistent with expectations from hydrodynamics and AMPT [207, 208] . In general, there is not yet a single framework that can quantitatively describe all data on similar footing, but effort in this direction is ongoing [209] . In conclusion, the study of small systems may allow us to probe dynamics rather than equilibrium (with a further handle on possible viscous effects), to potentially validate or invalidate the "perfect fluidity" paradigm, and to test fundamental QCD due to relevance of sub-nucleon degrees of freedom in the initial state.
